Responses to inoculation with N2-fixing bacteria were studied in relation to genotypic differences in pearl millet, effect of nitrogen levels, and FYM additions in India. In some experiments, inoculation increased mean grain yield up to 33% over the uninoculated control, whereas in the remaining 11 experiments there was no significant increase. Increased grain yields, > 10% over the uninoculated controls were observed in 46% of the experiments with Azospirillum lipoferum (18.7% average increase) and with Azotobacter chroococcum (13.6% average increase). Yield increases were nil or reduced in three experiments with Azos. lipoferum and four experiments with Aztb. chroococcum. In two experiments continued inoculation for two or three years resulted in increased grain, plant biomass yield, and N uptake. Interactions of bacterial cultures with cultivars or years were not observed. The counts of the inoculated strains increased two to three-fold when inoculation was continued for three years. Repeated inoculations increased the mean cumulative N uptake from season 1 to season 3 by 19 kg ha J. Repeated inoculations with Aztb. chroococcum and Azos. lipoferum increased mean grain yield of a succeeding crop by 14.4% and 9.8%, respectively, over the uninoculated control. Inoculation increased the efficiency of N-assimilation by pearl millet. Marginal increase in nitrogenase activity, associated with the inoculated plants was observed during later stages of plant growth. Increased leaf nitrate reductase activity (NRA) was observed after inoculation with these bacteria. The responses to inoculation are mainly attributable to increased plant N assimilation which could be the effect of growth promoting substances secreted by the bacteria; and thus the contribution from BNF may be small.
Introduction
Pearl millet (Pennisetum americanum (L.) Leeke) is grown on nutritionally poor soils in the semi-arid tropics, often without the addition of fertilizer nitrogen. In many cases increased plant yields and/ or increased N accumulation by plants have been observed from inoculations with Azospirillum spp. (Boddey and D6bereiner, 1982) Azotobaeter chroococcum (Fedorov, 1952) . Similar responses from inoculation with azospirilla and azotobacters have been reported in cereals (Avivi and Feldman, 1982; Reynders and Vlassak, 1982; Kapulnik et al., * ICRISAT, journal article 732. 289 1983; Sarig et al., 1984; Smith et al., 1984; Wani et al., 1985; Boddey et al., 1986; Wani, 1986; Tilak and Subba Rao, 1987; Baldani et al., 1987; Hussain et al., 1987) . The positive benefits from inoculation have been attributed to several mechanisms such as biological nitrogen fixation (BNF) (Cohen et al., 1980; Kapulnik et al., 1981a; Sarig et al., 1984) and increased root uptake capacity because of enhanced root development and root hair formation in response to secretion of plant growth hormones (Tien et al. 1979 , Umali-Garcia et al. 1980 Vlassak and Reynders, 1981; Okon, 1985) . Other mechanisms such as enhanced uptake of nitrate, phosphate and potassium (Okon, 1982; Kapulnik et al., 1985) and stimulation of NO3 assimilation due to inocu-lation (Villas Boas and D6bereiner, 1981; Boddey et al., 1986) , are also believed to increase yields.
There are several reports on positive benefits of inoculation, but information has been scanty on the benefits of continued inoculation on the yields of the main and the succeeding crops and on the survival of the inoculated bacteria. This paper summarizes the results of 25 field inoculation trials with pearl millet at different locations in India. The effects of continued inoculations on yields of main and succeeding millet crops, and also the persistence of inoculated bacteria under field conditions are discussed.
Materials and methods

Bacterial cultures
The Azospirillum brasilense (SL 33) culture was obtained from Dr. F. V. MacHardy, University of Alberta, Edmonton, Canada. Azospirillum lipoferum (ICM 1001) and Azotobacter ehroococeum (ICM2001) were isolated at the ICRISAT Center from the rhizosphere of sorghum cv. CSH 1 and Cenchrus ciliaris as reported earlier (Wani et al., 1985) .
Preparation of inoculants
Peat inoculants of azospirilla and Azotobacter were prepared by injecting 30 ml of culture broth into a packet containing 40g 7-irradiated peat, (Agriculture Laboratories Pty. Ltd., Australia: Wani et al., 1985) . At the time of field inoculation all the inoculants had 108 bacterial cells g 1 of peat and were free from contamination at the 10 -5 dilution. For uninoculated control treatments the 
Experiment details
The detailed experiments were conducted during the rainy season on alfisols (Table 1) at ICRISAT Center, Patancheru, India (17~ 78~ 545 m altitude).
Liquid inoculum was prepared by thoroughly mixing the peat inoculum in unchlorinated tap water ( 1 g 1-~ ).
All the experiments were sown on ridges spaced 75cm apart. Plant-to-plant spacing of 10cm was maintained by thinning the plants 12-16 days after sowing (DAS). Top dressing with N fertilizer was done 18-20 DAS as required. Weeding and interrow cultivations were carried out as and when required. Plant parts above ground level were harvested from the net plot area. The ears were separated and threshed. The plant matter was then chopped. The chopped plant matter and grain were dried at 70~ in an oven for 3 days and their dry weight recorded. Total nitrogen contents of powdered grain and plant dry matter subsamples from each treatment were estimated by a micro-Kjeldahl digestion method using a Technicon Autoanalyser (for details refer to Industrial method No. 218-72A, II, Technicon, Industrial Systems, Tarry Town, NY 10591, U.S.A.).
Multilocational trials
During 1982-86, 25 field experiments were conducted at the ICRISAT Center and other locations in India, using different millet cultivars, N doses, ICRISAT Presowing soil samples to 60 cm depth were collected only from Expts I and III before imposing the treatments.
b ZF, Zero fertility (no N or P added); LF, 20kg N and 16kgP2Osha 1; HF, 56kg P205 and 100kg Nha -~ .
